The extreme hydrologic events in Buenos Aires province (Argentina) had been a constant in its socialeconomic development. Their impacts mainly over the agriculture have been studied with different scales and point of views. In spite of that, there is a lack of studies of their temporal and spatial distribution in Argentina.
Introduction
Drought is a period of abnormally dry weather sufficiently prolonged for the lack of precipitation to cause a serious hydrological imbalance (Hunt et al., 2009 ).
We really believe that understanding different concepts of droughts it will be helpful for developing models to investigate different drought properties as its severity.
Drought is a natural, reoccurring, worldwide phenomenon that is responsible for widespread losses mainly in agriculture. It occurs in virtually all climatic zones, such as high as well as low rainfall areas and is mostly related to the reduction in the amount of precipitation received over an extended period of time, such as a season or a year (Mishra & Singh, 2010) . Some characteristics of others climate elements like high temperatures; high winds; low relative humidity; timing and characteristics of rains, including distribution of rainy days during crop growing seasons, intensity and duration of rain, and onset and termination, play a significant role in the occurrence of droughts and influencing the evapotranspitation.
The Crop Moisture Index (CMI) developed by Palmer (1968) is an index specific to agricultural drought that is based on comparing drought conditions at the beginning of a week with the recharge of soil water or ET deficit during the week.
Other drought indices have arisen to compensate for some weaknesses in the Palmer Index. Narasimhan and Srinivasan (2005) developed soil moisture deficit index (SMDI) and evapotranspiration deficit index (ETDI) based on weekly soil moisture and evapotranspiration simulated by a calibrated hydrologic model, respectively. The drought indices were derived from soil moisture deficit and evapotranspiration deficit and scaled between -4 and +4 for spatial comparison of droughts, irrespective of climatic conditions.
One of the most popular drought indices in the last decade has been the Standard Precipitation Index (SPI), Singh (2011) related that McKee et al. in 1993 , developed the SPI as an alternative to the Palmer Index for Colorado using historical precipitation data to compute a probability distribution of the monthly and seasonal precipitation totals. The precipitation probabilities were then normalized using a Gaussian function. The SPI is a dimensionless index where negative values indicate drought and positive values indicate sufficient moisture. Magnitude and duration of drought, as well as the probability of emergence from drought, were determined from the SPI index. One major advantage of the SPI, specifically over the widely used Palmer Drought Index, is its spatial invariance across different climate regions.
Soil moisture is a significant hydrological variable related to floods and droughts and plays an important role in the process of converting precipitation into runoff and groundwater storage. A soil moisture deficit results in more infiltration and little runoff when it is followed by precipitation. However, high soil moisture results in overland runoff and possible flooding during intense precipitation. In addition, high soil moisture promotes vegetation growth in the summer and this leads to high evapotranspiration. Therefore, soil moisture controls the interaction of the land with the atmosphere (Tang & Piechota, 2009 ).
Water demand and water balance indices would be more useful in assessing agricultural drought than the water supply indices frequently used for meteorological drought.
According to Mishra and Singh (2010) , all of these indices can be useful and all indices have inherent strengths and weaknesses. However, none of the mentioned indices directly uses soil water observations as part of the index. A soil moisture index (SMI) was developed based on the actual water content and known field capacity and wilting point, with 8 years of soil water observations at sites under grass cover throughout Nebraska (Hunt et al.,2009 ). The SMI can identify a quick onset of agricultural drought by demonstrating the observed dryness of a soil relative to the plant's ability to extract water. It is known that the evapotranspiration became limiting below the midpoint between Field Capacity and Wilting Point or Permanent Wilting Point. Mishra and Singh (2011) mentioned that the climate indices like El Nino-Southern Oscillation (ENSO), which is numerically defined by the Southern Oscillation Index (SOI), Sea Surface Temperature (SST), North Atlantic Oscillation (NAO), Pacific Decadal Oscillation (PDO), Inter-decadal Pacific Oscillation (IPO) and Atlantic Multidecadal Oscillation (AMO) are used in addition to the hydro-meteorological variables for long-lead drought forecasting.
In South America Tang and Piechota (2009) mentioned the studies done by Poveda and Mesa in Colombia using ENSO, precipitation and soil moisture. In Argentina there are several studies analysing ENSO and the soil water balance and its components as Spescha et al. (2004) , Scarpati et al. (2004 Scarpati et al. ( , 2007 Scarpati et al. ( a, 2007 Scarpati et al. ( b and 2009 ).
Buenos Aires Province
The climate of Buenos Aires province is temperate and humid, with warm summers and cool winters. Mean annual temperatures oscillate between 13°C and 16°C. The warmest month (January) has mean monthly temperature reaching 20 to 23°C and the coldest month (July) varying between 7 and 9°C.
Annual precipitation ranges from 1,000 mm in the north-east to 700 mm in the south-west. Precipitation is usually generated by the meeting of the warm and humid air mass from the semi-permanent anticyclone over the Atlantic Ocean and the cold air mass from the south-west.
The region constitutes one of the major food producing regions of Argentina. Most agricultural activities are carried out under rain fed conditions and therefore, crop production is dependent on rainfall during the growth season and they are strongly affected by climatic variability. Furthermore, against the very unfavourable economic scenarios of the last decades, farmers have been struggling to maintain their income by continuously trying to increase yields by intensifying their production systems, which have often become more vulnerable to climate variability and potential climate change.
www.ccsenet.org/eer Energy and Environment Research Vol. 2, No. 2; 2012 According to Barros et al. (2000) subtropical Argentina (where the study region is located), Paraguay and South of Brazil have experienced more precipitation during summer with high interannual variability in the last decades of XX century. In this season, a convergence zone at low level, divergence in high level and an intense convection is developed north of this region. It is known as South Atlantic Convergence Zone (SACZ) and seemed to have a relationship with the interannual precipitation variability.
In 2007 Magrin et al. observed a negative non significant trend for winter precipitation in some sites located in the province of Buenos Aires. Figure 1 represents the geographical location of the Buenos Aires province, Figure 2 its hydrology and Figure 3 and Table 1 the drainage areas or sectors (S1 to S16) of this province according with the Atlas digital de los recursos hídricos superficiales de la República Argentina (National Water Resources, 2002) . Western Channels area at south of the Salado River basin S7 Channels area at south of the Salado River S8 Southeastern basin and streams S9
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Study Area
Arrecifes River basin S10
Northeastern streams basin S11 Drainage basin of the La Plata River at the South of Samborombon River S12
Region without surface drainage S13
Lagoon area at the Southwest S14
Small rivers and streams with Atlantic drainage S15
Basins and Streams of South (to west) S16
Basins and Streams at South (to east)
Data and Meteorological Stations
Daily precipitation data for the period 1969-2008 were provided by the National Meteorological Service -SMN (29 stations) and by the National Institute of Agronomic Technology -INTA (5 stations). The meteorological stations were selected according to their long record, homogeneity and historical development. Figure 4 shows the studied area with the meteorological stations used listed in Table 2 . 
Assumed Concepts Referred to Soil Water Balance
The spatial and temporal variability of soil water storage was examined using the balance of Forte Lay et al. (2008) which is based on Thornthwaite and Mather daily soil water balance method, using measured precipitation from the meteorological stations and daily mean reference evapotranspiration. The normal daily mean reference evapotranspiration was estimated by the Penman-Monteith formula (Allen et al., 2004) . Total soil moisture can be divided in two equal parts: the available soil water content and the non useful water as can be seen in Figure 5 .
The available soil moisture, as well, can be divided in two parts: the optimum soil water content (50 to 100 % of useful water) and the conditional drought level (0 to 50 % of useful water).
Absolute drought is when the useful water is 0%. PWP is the limit between the last one and the conditional drought level and represents the upper limit of drought according to Scarpati et al. (2011) . All these parameters vary according the soil texture and the effective depth (root zone), which depends of a restrictive horizon existence. Some soils with high effective depth reach one meter or more and have high FC. Other soils, with low effective depth root zone, only achieve lower depths and so the FC diminishes.
The soil water balance was realized for all the used stations, for every year of the studied period and so, all the annual areal values of soil water deficit were obtained.
Maps Construction
The maps showing the soil water deficit as results of soil water balance of each meteorological station, for every year of the studied period were performed using the software SURFER 8.0. This mapping software allows the construction of isolines maps using its kriging option (the Point Kriging estimates the values of the points at the grid nodes).
Soil Water Deficit
The obtained maps permit the observation of the annual soil water deficit spatial distribution. Then, the temporal distribution was analyzed considering an average areal value for each drainage area of Table 1 and for each year.
An annual mean areal value of 200 mm of soil water deficit is considered as threshold, upper which the damage for drought is the consequence. This value is considered because it is an ecological limit.
In this paper the drought has been classified in mild, moderate, severe and extreme according the annual soil water deficit (ASWD) values deficit reached as can be seen bellow:
ASWD (mm) ≤ 200 ≥ 200 and ≤ 300 ≥ 300 and ≤ 400 ≥ 400 Drought Mild Moderate Severe Extreme
Statistical Analysis
The non parametric test Mann-Kendall is applied for all the data series, and then, an Excel template-MAKESENS-is used for detecting and estimating trends in the time series of annual values of soil water deficit (Salmi et al., 2002) . The procedure is based on the nonparametric Mann-Kendall test for the trend and the nonparametric Sen's method for the magnitude of the trend. First, the Mann-Kendall test is applicable to the detection of a monotonic trend of a time series with no seasonal or other cycle and then the Sen's method uses a linear model for the trend (Equation 2). In MAKESENS the tested significance levels α are 0.001, 0.01, 0.05 and 0.1 (Liu et al., 2009) .
where Q is the slope and B is a constant. 
Results and Discussion
The results are annual soil water deficit values, which represents accumulated water deficit distributed along the twelve mounts of the year. The dry areas in 1979 were located mainly in the centre and east of the province, during 1989 at the north western area, in 1995 at west and some circles at north and centre of it. During 2008 almost the whole region had had problems and all the mentioned years, including 1999, presented high risk of drought at the southern part of the province. The soil water deficit values in 2008 were more important than during 1995 at the east (450 mm) and at the north (550 mm) of the province.
The maps were made in gradual red colour according with the severity of the event. All of them have the south of the province in dark red. These areas (S 14 and S15: Small Rivers and Streams with Atlantic drainage and Basins and Streams of South (to west)) are very susceptible to soil water deficit and always they are the first ones presenting this problem. The values started in S15 with 350 mm and finished in 1,100 mm in S14.
The rest of Buenos Aires province had different drought pattern marked in different tones of red. Drainage area or Sectors 8 (S8 or Southeastern basin and Streams basins) and S16 (Streams at south (to east)) in the mentioned years had 200-250 mm of annual deficit but during 2008 reached more than 300 mm. The drainage areas or sectors S1, S2, S3, S9, S10 and S11 ( The drainage areas S4, S5, S6 and S7 (Southern area of the Salado River basin and Northern area of Vallimanca River basin, Southern area of the Salado and Vallimanca Rivers basins, Western Channels area at south of the Salado River basin and Channels area at south of the Salado River) had deficit values oscillating between 250 and 450 mm.
The areas S12 and S13 (Region without surface drainage and Lagoon area at the Southwest) presented a gradation of 150 mm from north to south, but in 2008, it was of 350 mm (from 400 mm in the north to 750 mm at the south). Figure 7 shows the evolution of the soil water deficit for the whole province and for each drainage area during the forty studied years. Figure 7 can be indicating the end of a wet period after a long number of humid years and so, a climatic variability. Table N° 3 shows the results of the applied classification and the number of mild, moderate, severe and extreme droughts for each analyzed sector during the studied period.
All the different drainage areas of Buenos Aires province have had drought of different severity in some moment of the year in the whole analyzed period. Table 3 presents in grey colour the type of drought with high presence for each sector.
The drainage areas: Lagoon area at the Southwest (S13), Small rivers and streams with Atlantic drainage (S14) and Basins and Streams of South (to west) (S15) presented extreme drought -equal or higher than 400 mm. Drainage basin of De La Plata River at the South of Samborombon River (S11), Region without surface drainage (S12) and Basins and Streams at South (to east) (S16) were the areas which presented mainly severe droughtsequal or higher than 300 mm. With the exception of the sectors S1, S2, S3, S4, S5, S6, S7, S9 and S10, all the drainage areas had mainly moderate droughts. Southeastern basin and Streams (S8) had mild and moderate droughts.
Southern area of the Salado River basin and Northern area of the Vallimanca River basin (S4) and the Southeastern basin and Streams (S8) had never droughts classified as extreme.
The temporal distribution of the soil water deficit (mm) for the different drainage areas of Buenos Aires province and the results of the Makesens test can be seen at Table 4 .
The results show the presence or not of a positive or a negative trend at the different time scales used: 1969-2008, 1969-1978, 1979-1988, 1989-1998 and 1999-2008 . 1 9 6 9 1 9 7 1 1 9 7 3 1 9 7 5 1 9 7 7 1 9 7 9 1 9 8 1 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 The drainage areas with low risk are situated mainly at east and north of the province, while sectors at west and south experienced always drought of different intensity and even so, they had been increased during the last studied period: 1999-2008.
The events with statistical significance occurred between the years 1969-1988 and they are associated with an increase of precipitation.
The period 1989-2008 had no statistical significance but it can be seen a positive trend in almost all the areas.
Conclusions
Buenos Aires province experienced extreme hydrological events during the last decades, much of them implying risk (floods and droughts) and representing the costliest weather related natural hazards.
This study has shown different droughts focused on soil water deficit values since 1969 to 2008.
During the period 1969-1988 significance decreasing trends were found at many sectors: S4, S6, S7, S8, S10, S11 and S12.
The drought spatial distribution is always different with the exception of south-western area. The 1979 drought affected the whole province while others only some areas. Since 1988 the frequency between droughts became short : 1988, 1989, 1995, 1996, 1999, 2000, 2004, 2005 and 2008. In spite of no statistical significance, increasing trends are observed in almost all sectors with exceptions of S1, S2, S3 and S6 during the last analyzed decade (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) .
Moderate and severe droughts had the highest annual values of occurrence: 252 and 177 respectively during the forty studied years in Buenos Aires province. The implementation of irrigation is a technology to be considered in the more affected areas.
The results obtained in this paper are according with the words of Moiwo et al (2011) when they said that the method is also of general use to agro-scientists and decision-makers concerned with average soil water storage change at regional scale. Furthermore, the results of this study could find applications in water resources and environmental management and in crop production decision-makings.
